Early on, a physics student learns that interference fringes in optics form the basis for constructing sensitive measurement apparatus, for imaging systems, and lithography processes. According to classical optics, the period of oscillation of interference fringes of light with wavelength λ are bound by the classical model of light to the diffraction limit ∼ λ/2. Fourteen years ago, researchers proposed a form of imaging that uses entangled quantum states of light to produce spatial interference patterns with better resolution than what is possible with a classical model of optics [1] . The goal is to use supersensitive interference patterns to provide more information about a measured quantity such as distance, mechanical deviation, or refractive index, and in the case of spatial interference, defeat the diffraction limit.
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While a range of subdiffraction imaging techniques exist, such as near-field scanning optical microscopy, there is tremendous interest in the prospect of alternative methods to spatially resolve optical interference patterns below the diffraction limit, using conventional focusing techniques. Critically, the proposal of using entangled states of light enables just this, with, in principle, a linear increase in the frequency of the resulting interference with the number of photons comprising each quantum state. Without considering state generation or detection techniques, this would appear to yield a scalable (i.e., an efficient) increase in resolution-this is an exciting prospect. However, until recently, this line of research had been stalled by the rather major problem of how to efficiently observe such interference patterns. In a paper in Physical Review Letters, Rozema and colleagues [2] report an advance in quantum imaging by showing it is possible to efficiently observe the increasingly superresolved interference patterns produced by entangled states. They test the approach using a series of entangled states known as NOON states.
Many proposals for quantum-enhanced metrology and for quantum-enhanced imaging rely on NOON states. In general, these states are multiparticle states of N indistinguishable particles (in optics, photons), in a quantum superposition in which the photons are localized in each of two separate optical modes a, b (such as path or polarization). This is denoted as (
Their main beneficial feature is that when they pass through a process (such as inside an interferometer) that causes a relative phase shift of φ between the two modes, they pick up an N -fold phase shift. This in turn means that recombination of the two optical modes reveals an interference fringe that oscillates N times faster than could be achieved with classical light, such as a laser of the same wavelength. This superresolved interference was first reported as the modulation of coincidental photon detection rate in an interferometer, in 1990 for N = 2 photons [3, 4] . Since then, researchers have increased N to 5 photons [5] , where in each N > 2 case, postselection methods are employed to observe the behavior of NOON states (in the absence of generating NOON states exactly, without unwanted photons occupying the same modes). Proof-of-principle demonstrations are emerging to show how NOON states can possibly be used for biosensing [6] and entanglement-enhanced microscopy [7, 8] .
The choice of how to generate NOON states by the authors may likely prove to be the workhorse for imaging with NOON states of increasing size over the next few years. Cable and Dowling [9] calculated that they can be generated exactly if one uses a scalable number of resources, but this is very similar to those required for linear optical quantum computing. Another approach that generates approximate NOON states with high fidelity appears simpler, using the quantum interference of a laser beam and a 2-mode squeezed state (that is the state that is generated from spontaneous parametric down-conversion) when carefully overlapped at a beam splitter [10] . This is the method Rozema and colleagues [2] employ to generate 2-, 3-, and 4-photon superresolved interference patterns and is proving to be a promising approach for readily accessing high-photon-number supersensitive fringes (used also in preceding Refs. [5, 8] ).
Superresolution can also be achieved using classical light [11] [see Fig. 1(a) ], but this comes at the cost of rapidly degraded interference patterns. This reduces their practical utility, in particular in potentially noisy low-photon-flux scenarios. Rozema and colleagues [2] explore this in the context of their spatial interference scenario and show that the visibility of classically superresolved fringes degrades exponentially, while the visibility of the entangled light fringes remains constant with increasing photon number for N = 2, 3, 4, demonstrating a clear quantum advantage. This is an important step in demonstrating scalability and indicates that as N increases further, even more advantage can be gained.
However, an obstacle to use NOON states with large N is that their resulting spatial interference patterns become exponentially difficult detect, and so all of the effort of generating NOON states for imaging might have seemed rather pointless-proposals of how to image spatially super resolved interference from NOON states rely on detecting n-photon states called Fock states (|n ), which until recently appeared to perform exponentially badly with increasing n. Thanks to a proposal of Tsang [12] (see 22 June 2009 Viewpoint) and the first proof-ofprinciple experiment from the Boyd group for N = 2 [13] , Rozema and colleagues [2] have demonstrated the converse; it is possible and practical to detect and image the superresolved interference patterns of increasing NOON states.
Essentially, the problem of detecting large N NOON state spatial interference patterns comes down to the fact that while n photons might be localized in an optical mode, this mode is spatially diffraction limited and so cannot be focused to spot sizes smaller than ∼ λ/2 [see Fig. 1(b) ]. For detectors of size r < λ/2 that are smaller than the spot size of the mode, photons in the Fock state appear to the detectors in superposition spatially across this mode-detecting each photon collapses this wave function and so the photon can only appear at one detector, with probability defined by the mode profile, but we can approximate as 2r/λ. Therefore the probability to detect the state |n at one detector is equivalent to (2r/λ) n -a likelihood that very quickly drops (exponentially with n) to zero. Relying on this clearly negates the benefits of using NOON states of increasing size to obtain high-visibility superresolution. The proposal of Tsang [12] applied by Rozema and colleagues [2] to observe N = 2, 3, 4 NOON states was to combine the detection events registered by all detectors in an array and perform some postprocessing to compute the centroid of the detection events. This is sufficient to reveal the superresolved interference and, importantly, scales favorably for practical applications. Despite the achievement of Rozema et al., the job is by no means done. Namely, this scheme is affected by the collection and detection efficiency of single-photon detectors. The probability of n photons detected by separate detectors scales like p n , where p is now the quantum efficiency of each detector-this highlights the need for highly efficient single-photon detectors. Thankfully, several detector options are emerging in the form of transition edge sensors [14] and superconducting nanowire single-photon detectors [15] . While this demonstration does indicate great promise for the performance of NOON states with increasing photon number, the behavior of NOON states of more than five entangled photons is yet to be demonstrated, requiring brighter photon sources than available now. And NOON states themselves are particularly susceptible to degradation in performance in the presence of loss [16] -this is being addressed with loss-tolerant approaches to quantum metrology. But while there are indeed many challenges ahead, efficient detection of increasingly superresolved spatial interference fringes certainly provides the imaging community with new and exciting quantum-enhanced techniques.
